Barnyard grass (E. crusgalli) is a common weed of temperate regions of both the Old and New Worlds. This species is extensively cultivated in Japan, Korea and northern China. Hjelmqvist (1969) suggests that E. crusgalli was cultivated in Sweden during the late Bronze Age when the climate of northern Europe was warmer than it is today. Archaeological evidence suggests that it was grown in Japan as early as the Yayoi period, dating back some 4-5 millenia (Watanabe, 1970) .
Echinochloa colona (L.) Link is a more tropical species than E. crusgalli. It is sown in the Central African Republic (Tisserant, 1953) where the grains are fermented to make beer. Stuhlmann (1909) mentions that E. colona (Panicum colonum L.) is grown as a cereal in the Ruvuma district of Tanzania where it is known as chindumba. It is harvested as a wild cereal in Malawi (de Wet, 1977) . This species was also harvested, or perhaps grown as a cereal, in predynastic Egypt. Intestinal contents of mummies excavated at Naga ed-Der include, among other plant remains, recognizable grains of E. colona (Dixon, 1969) . It is widely grown today only in tropical India, where E. colona probably is a relatively recent domesticate. No archaeological remains of E. colona have been identified among plant remains of the numerous early farming sites so far excavated in India (Vishnu-Mittre, 1977) . In southern India, E. colona often invades cultivated fields as a weed and is harvested as a wild cereal (Fischer, 1934) . Where it is grown as a cereal in southern India, the species is often planted as a mixture with Eleusine coracana (L.) Gaertn., or with Setaria italica (L.) Beauv. The cultivated complex of E. colona is variable and several races are recognized by farmers. In contrast, Paspalum scrobiculatum L. (kodo), another indigenous millet from tropical India, is known in the archaeological record dating back some 3,000 yr (Kajale, 1977) , but it is not well differentiated into races.
TAXONOMY OF DOMESTICATED SPECIES
The 2 domesticated species, E. colona and E. crusgalli, are not always easy to distinguish from one another on herbarium sheets. This is true for both wild and cultivated taxa. In general, E. crusgalli is a temperate grass with awned spikelets, while E. colona is a more tropical grass with awnless spikelets. But, E. crusgalli does extend into the subtropics of Asia and is sometimes characterized by awnless spikelets. The systematics of these 2 species was discussed by Vickery (1975 Hitchcock (1950) .
Inflorescences are up to 25 cm long with the racemes somewhat spreading. The lower racemes are often shortly branched, with branch and nodal setae commonly numerous. Spikelets are 2.7-4.0 mm long, more or less irregularly arranged on the rachis, and usually awned or at least acute or cuspidate. The upper glume and lower lemma are chartaceous, more or less glabrous between the nerves, usually awned, and with tough spinules along the nerves and along their margins. It is distributed widely in the temperate parts of Eurasia and was introduced to the rest of the temperate world as a weed. Weedy representatives are recognized in the United States as barnyard grass. Populations often segregate into plants with awned spikelets, essentially awnless spikelets, and a mixture of awned and awnless spikelets on the same raceme. Wiegand (1921) and Hitchcock (1950) Ligule is absent, and the ligular area is glabrous and smooth. Leaf blades are linear, tapering to a point, 15--40 cm long, 5-25 mm wide, and essentially glabrous. Inflorescences are erect or slightly nodding, at length exserted from the upper leaf sheath, with the spike-like racemes more or less erect and sometimes incurved at the tip. The primary axis is densely furnished with white setae at the nodes. Racemes are 10-25 in number, purple, more or less sessile, 1-5 cm long and densely multispiculate throughout. The rachis is compressed and angular, with the pedicels short and mostly 2-nate, usually with some setae between the spikelets. Spikelets are persistent at maturity, very crowded, 3-4 mm long, shortly cuspidate but rarely awned. The glumes and lower lemma are chartaceous. The lower glume is about one-third as long as the spikelet. The upper glume is usually shorter than the spikelet, cuspidate, hispid along the nerves, with the nerves and margins sometimes subspinulose. The lower lemma is similar in size and shape to the upper glume. The lower floret is neuter and the upper floret is bisexual. The grain is 2-3 mm long and almost as wide.
Cultivated taxa have 2n = 54 chromosomes, and hybrids with spontaneous E. crusgalli are fully fertile (Yabuno, 1%6) . Echinochloa crusgalli was probably domesticated in Japan and was later introduced to Korea, China and adjacent Russia as a cultivated cereal. Watanabe (1970) presents evidenceto indicate that it was grown, or at least used as a cereal in Japan since the Yayoi period dating back at least 4,000 yr. Hitchcock (1950) and Clayton (1972) .
Selected herbarium specimens of cultivated plants
lntiorescences are up to 20 cm long, usually somewhat narrow, with the racemes mostly appressed to the primary axis. The lower racemes are rarely branched, with branch and nodal setae usually few in number. Spikelets are 2.5-3.5 mm long, usually arranged in 4 irregular rows, often actue but never awned. Upper glume and lower lemma are membranaceous, often shortly pubescent between the nerves, and with soft spinules along the nerves and along the margins. The species is characterized by 2n = 54 chromosomes. It is widely distributed in the tropical and subtropical parts of Africa, Asia and Australia, and was introduced to the New World as a weed. The species is exceedingly variable in inflorescence morphology. The racemes are usually appressed to the primary axis, but the lower racemes are sometimes spreading, as is typical also of some cultivars of the species. Specimens with branched lower racemes often have cuspidate spikelets, resembling awnless specimens of E. crusgalli.
Such collections from tropical Africa, however, form sterile hybrids with the more typically temperate
E. crusgalli.
Cultivated plants are erect or geniculate ascending, often tufted, annual and up to 242 cm tall. Culms are slender to robust. Slender plants are decumbent with the culms strongly branched and rooting from the lower nodes. Stout plants are erect, with a few culm branches from the upper nodes. Leaf sheaths are glabrous and usually longer than the internodes. Ligule is absent, with the ligular area minutely pub.escent. Leaf blades are linear, gradually tapering to a fine point, 8-38 cm long and 6--40 mm wide, glabrous or with a few long hairs at the base. Inflorescences are variable, decumbent plants are characterized by short racemes that are appressed to the primary axis, while more robust plants have larger, pyramidal shaped inflorescences with spreading lower racemes. Inflorescences are usually erect, rarely drooping. Racemes are few to numerous, densely crowded, with the spikelets arranged in 4 irregular rows on the triquetrous rachis, with a few long setae between the spikelets. Pedicels are 2-4-nate, rarely exceeding 2 mm in length. Spikelets are persistent at maturity, 2-4 mm long, acute but never awned. The glumes and lower lemma are typically membranaceous. The lower glume is about one-third as long as the spikelet and the upper glume somewhat shorter than the spikelet, acute, ciliolate along the margins and minutely pubescent between the nerves. The lower lemma is similar to the upper glume in size and shape. The lower floret is neuter and the upper floret is bisexual. The grain is 2-3 mm long and 1-2 mm wide.
Hybrids between cultivated E. crusgaUi and cultivated E. colona are sterile (Yabuno, 1%6) . Echinochloa colona was domesticated in India. It remains an important cereal only in the tropics and subtropics of India.
Selected herbarium specimens of cultivated plants: India: Tamil Nadu, Madura district, Herb. a Mean, standard deviation and range are indicated for each character; n = 147 for race robusta, n = 77 for race intermedia, n = 14 for race stolonifera and n = 6 for race laxa. DISCRIMINANT FUNCTION I Fig. 1 . Plot of OTUs on the 2 discriminant functions. 1 = race robusta, 2 = race intermedia, 3 = race stolonifera. Group centroids (average discriminant function scores) are indicated by asterisks for races 1-3. OTUs falling on a previously occupied space were deleted. Consequently, not all OTUs are plotted, and OTUs are somewhat more tightly grouped around their respective centroids than indicated in this figure.
RACIAL DIFFERENTIATION IN CULTIVATED E. COLONA
Collections of Echinochloa colona at the International Crops Research Institute for the Semiarid Tropics (ICRISAT) assembled from across India, and consisting of 243 seed samples was grown in a uniform nursery at Patancheru near Hyderabad, and studied in morphological detail for 13 qualitative and 13 quantitative characters. This crop also was studied in farmers' fields in southern Andhra Pradesh. Sawa is the common Telugu name for this cereal. It is also known as Fig. 2-5 . Inflorescence morphology of cultivated E. colona. Fig. 2-3 . Race robusta (de Wet 4656, Oct. 22, 1981, CEL) . Fig. 4 -5. Race intermedia (de Wet 4656, Oct. 24, 1981, CEL) . Fig. 6--9. Fig. 6-7 . Race stolonifera (de Wet 4637, Oct. 6, 1981, CEL) . Fig. 8-9 . Race laxa (de Wet 4639, Oct. 7, 1981, CEL) .
shama in Bengali, samu in Urdu, shamula and sanwa in Hindi, and as sawu in Tamil. There are probably many other local names used across the range of its cultivation from southern India to Kashmir and Sikkim.
Farmers commonly grow a variety of morphological types in the same field. An analysis of the data (Table 1) , however, suggests 4 morphologically distinct complexes. Interracial differences in 13 quantitative characters cannot be comprehended simultaneously, and discriminant analysis (direct method, Nie et al., 1975) was used to characterize these complexes. This fulfilled several objectives. Discfiminant analysis served as a data reduction technique allowing visualization of the extent of racial coherence and overlap in the reduced 2-dimensional space defined by the discriminant functions. Three races were clearly separated and well defined by this analysis with a minimum of overlap among them (Fig. 1) . There was a high (93%) correspondence between our initial classification of the plants based upon their overall appearance in the field and the results of the discriminant function classification routine. The fourth race was defined on the basis of qualitative characters. (Fig. 2-3 ) is characterized by erect plants up to 242 cm tall, usually with 2-14 culms that branch from the upper nodes. The flag leaf is up to 38 cm long and 40 mm wide, with the inflorescence exserted from the 5-13 cm long sheath. The peduncle is 6-24 cm long, and supports a 13-28 cm long inflorescence composed of 24-70 racemes. Racemes are up to 110 mm long, with the lower racemes spreading out from the primary axis at an angle of 45-85 ~ with their tips curved inward, and the upper ones more or tess appressed to the primary axis, giving the inflorescence a pyramidal appearance.
Race robusta
2. Race intermedia (Fig. 4-5 ) is intermediate in morphology between races robusta and stolonifera and it often intergrades with these larger and smaller races. Plants are more or less erect, up to 120 cm tall, usually with 4-26 culms that frequently branch and often root from the lower nodes. The flag leaf is 10-30 cm long and 6-30 mm wide, with the inflorescence exserted from the 5-10 cm long sheath. The peduncle is 10-24 cm long and supports a 7-20 cm long inflorescence that is composed of 11-45 racemes. Racemes are 15-50 mm long and spread out from the primary axis at an angle of 15-25 ~ , with the tips curved inward, often touching the primary axis.
3. Race stolonifera (Fig. 6-7 ) is characterized by decumbent plants up to 90 cm tall, with as many as 28 culms that branch profusely and root at the lower nodes. The flag leaf is 8-26 cm long and 8-20 mm wide, with the inflorescence well exserted from the 5-7 cm long sheath. The peduncle is 10-19 cm long, and supports a 10-14 cm long inflorescence composed of 9-25 racemes. Racemes are up to 35 mm long, more or less appressed to the primary axis with the tips often curved inward.
4. Race laxa (Fig. 8-9 ) is known only from a few Sikkim collections. It is characterized by long, slender racemes that are strongly branched and pendent or appressed to the primary axis. Plants are robust and erect, up to 122 cm tall, with 4-9 culms that rarely branch. The flag leaf is up to 30 cm long and 30 mm wide, with the inflorescence exserted from the 8-12 cm long sheath. The peduncle is 11-15 cm long and supports an 18-25 cm long panicle that is composed of 36-43 primary branches. Racemes are 40-110 mm long, slender, strongly branched and pendent.
The strongly branched racemes of race laxa suggest affinities with E. crusgalli. Race laxa however, resembles E. colona in spikelet morphology. Furthermore, herbarium studies indicate that all 4 cultivated races of E. colona are grown in Sikkim, while cultivated E. crusgalli has never been collected on the Indian subcontinent. Race laxa is similar in most characters to race robusta (Table 1) , and in classification using the discriminant functions computed for the 3 major races, laxa collections all plotted among accessions of race robusta. Race laxa, however, is distinguished by its slender, lax racemes which distinguish it from race robusta (Fig. 8-9 ).
